Purpose We performed a prospective study to document, by intra-operative manipulation under anaesthesia (MUA) of the pelvic ring, the stability of lateral compression type 1 injuries that were managed in a Level-I Trauma Centre. The documentation of the short-term outcome of the management of these injuries was our secondary aim. Methods A total of 63 patients were included in the study. Thirty-five patients (group A) were treated surgically whereas 28 (group B) were managed nonoperatively. Intraoperative rotational instability, evident by more than two centimetres of translation during the manipulation manoeuvre, was combined with a complete sacral fracture in all cases. Results A statistically significant difference was present between the length of hospital stay, the time to independent painfree mobilisation, post-manipulation pain levels and opioid requirements between the two groups, with group A demonstrating significantly decreased values in all these four variables (p<0.05). There was also a significant difference between the pre-and 72-hour post-manipulation visual analogue scale and analgesic requirements of the group A patients, whereas the patients in group B did not demonstrate such a difference. Conclusion LC-1 injuries with a complete posterior sacral injury are inheritably rotationally unstable and patients presenting with these fracture patterns definitely gain benefit from surgical stabilisation.
Introduction
Lateral compression type I (LC-1) injuries of the pelvic ring represent the most common type of pelvic ring disruptions. The mortality rate associated with LC-1 injuries has been reported to range from 5.1 % [1] to 8.6 % [2] . Their relationship to injury of intra-pelvic structures is also well known [3] .
The prevalence of LC-1 pelvic fractures has been reported to be as high as 63 % of all pelvic ring injuries [2] . Most of these injuries are deemed benign and are consequently treated non-operatively. This emanates from the original work from Young and Burgess who proposed that these injuries are stable based on the fact that the main ligaments contributing to pelvic stability remain intact [4] . However, the association of the anterior fracture of the pelvic ring in conjunction with the variability of the posterior lesion remains poorly understood [5] .
Recently, the definition of LC-1 injuries was revisited and the spectrum of posterior ring injuries that accompany them was described in detail [6] . According to Lefaivre et al. [6] more than half of these injuries exist in the context of complete disruption and comminution of the sacrum. The need for operative treatment remains unclear [7] and to the best of our knowledge there are no reported series in the current literature describing its effectiveness.
In order to investigate the above queries, we undertook a prospective study in an attempt to document, by intraoperative manipulation under anesthesia (MUA) of the pelvic ring, the stability of LC-1 injuries.
Patients and methods
Institutional Review Board approval was obtained for this study. All patients who were admitted to our institution and fulfilled the following criteria were included in the study: (a) Young and Burgess lateral compression type-1 pelvic injury (OTA 61-B1), (b) no other major lower extremity or spine injury, (c) independent ambulation prior to injury, (d) adult patient 18-65 years of age, (e) no pathological fracture, and (f) no neurological deficit at presentation.
All patients were initially managed as per ATLS protocol. Imaging evaluation included anteroposterior (AP), inlet and outlet plain radiographs as well as 3-mm computerised tomographic (CT) scans of the pelvis.
Stress examination with MUA of the pelvic ring with fluoroscopy was undertaken under general anesthesia according to the following protocol. The patient was placed on the operating table (OSI, Inc., Union City, CA) in the supine position. In order to correct the magnification error, a known diameter radiopaque ruler was placed on the skin over the pubic symphysis. Under fluoroscopy, internal rotation of the lower extremities along with lateral compression at the level of anterior superior iliac spine (ASIS) was applied. One assistant was internally rotating the lower extremities (manipulating the extremity at the level of the tibial tubercle) whilst the senior author (P.G.) was applying rotational force on the axial plane of the pelvis, at the level of the ASIS. The technique of one surgeon applying force to both ASIS was selected (as opposed to two surgeons applying force to each ASIS) in order to more accurately quantify and control the amount of the force applied. Multiple sequential fluoroscopic AP, inlet and outlet views with the aid of a C-arm were then performed. All the injuries that displayed axial/rotational instability were also tested for vertical instability by applying cranially and caudally directed forces (push-pull manoeuvre) to the pelvic side that suffered the posterior pelvic injury.
Overlapping of 2 cm of the pubic rami fragments or the symphysis pubis was arbitrarily chosen as the indication for operative treatment. Based on this indication for fixation, two groups of patients were formed. Group A consisted of patients treated operatively and group B included the nonoperatively treated patients. In group A, the anterior pelvic ring stabilisation consisted of one or a combination of the following: (a) Anterior Superior Iliac Spine (ASIS) external fixator, (b) pubic plating, (c) antegrade superior pubic ramus screw, and (d) retrograde superior pubic ramus screw. The method of anterior pelvic fixation was based upon the configuration of the fracture and the anatomy of the superior pubic ramus. For the posterior pelvic fixation either one or two percutaneous iliosacral screws were inserted to S1 or S2 bodies respectively.
A review of the imaging studies (plain radiographs and CT scans) allowed us to classify all the injuries according to Nakatani [8] and Denis [9] systems. The sacral fracture was characterised as complete when there was a disruption of both the anterior and posterior cortices, at the S1 level on the axial CT scan. Moreover, fractures extending vertically from S1 to S4 level, as this was evident from the coronal sacral views, were classified as complete. Two of the authors (T.T. and N.K.) classified the posterior pelvic injuries and any disagreements were resolved by consensus.
The post-manipulation protocol was the same in both groups. The patients were placed in regular hospital beds and allowed activity (including ambulation) as tolerated by pain, within 48 hours post-manipulation/fixation. Full weight bearing on the intact side and touch-down weight bearing on the injured side was allowed. A walker or crutches were used for mobilisation. Analgesia included the prescription of regular paracetamol, codeine phosphate, and opioids as needed. Low molecular weight heparin (Tinzaparin 4,500 IU) was administered for thomboprophylaxis for a period of six weeks.
For each patient the following data were collected: patient's demographics, imaging details of the pelvic injury, pre and post-manipulation (at 72 hours) visual analogue scale (VAS) for pain, the amount of opioids intake, method of stabilisation, time to independent pain-free mobilisation, and length of hospital stay.
Following discharge from the hospital all patients were followed up routinely in the outpatient trauma clinic at four, eight, and 12 weeks and at six, 12, and 24 months.
The SPSS for Windows version 19.0 K (SPSS, Chicago, IL) was used for the analysis. Comparisons of age and the perioperative parameters (hospital stay, ambulation, pre and post manipulation VAS and pain requirements) in between the two groups were performed using the Mann-Whitney U test. Sex distribution between groups was tested using the chi-square Fisher's exact test. The pre and postoperative VAS in each group was tested with the paired t-test. Values of p<0.05 were considered statistically significant.
Results
Between January 2007 and January 2011, a total of 210 patients with pelvic ring injuries were admitted to our institution. Sixty-three (30 %) of them met the inclusion criteria. Group A consisted of 35 patients that were treated surgically following MUA whereas group B consisted of the remaining 28 patients that were treated non-operatively. Patient demographic data and the characteristics of their fracture patterns are presented in Table 1 .
In the surgical group, all of the patients suffered a complete sacral fracture. Of note is the fact that none of these patients demonstrated vertical instability during the MUA. The most commonly observed sacrum fracture in this group was a Dennis type-1 fracture. According to Nakatani classification, the majority of the patients suffered a type-2 (within the obturator foramen) fracture. The demographics of the patients and the operations that they had are shown on Table 1 . Sixteen patients of this group underwent stabilisation with an anterior external fixator (EX-FIX) and one iliosacral screw whereas two patients had double (S1 and S2 level) iliosacral screws placed because of the extent and the amount of comminution of their sacral fracture. The iliosacral screw was combined with open reduction and internal fixation (plating) of the anterior ring lesion in ten patients. Three patients had an iliosacral screw combined with an antegrade superior pubic ramus screw whereas another three had a retrograde superior pubic ramus screw. One patient had an EX-FIX combined with a retrograde superior pubic ramus screw and an iliosacral screw (Figs. 1,  2, and 3) .
In group B, 16 patients suffered a type-1, eight a type-2 and four a type-3 Nakatani fracture. Twenty fractures classified as Denis type-1 and eight as type-2. There was no Denis type-3 injury in group B (Table 1) .
No statistically significant differences were noted in groups A and B in terms of age, sex distribution and preoperative VAS. There was a statistically significant difference between the length of hospital stay, the time to independent pain-free mobilisation and post-manipulation pain level between the two groups, with group A demonstrating significantly decreased values in all these three variables ( Table 2) . There was also a significant difference between the pre-and 72-hours post-manipulation VAS and opioids intake of the group A patients, whereas the patients in group B did not demonstrate such a difference ( Table 2) .
Discussion
LC type-1 injuries of the pelvic ring have been the subject of heated discussion amongst orthopaedic trauma surgeons [2, [6] [7] [8] [10] [11] [12] . The traditional dogma related to these injuries suggests their inherent stability because the amount of the pelvic displacement is minimal, the posterior elements of the pelvic ring remain relatively intact and consequently there is rarely a need for operative intervention [1, [13] [14] [15] [16] [17] . On the other hand, it has been pointed out that not all of these fractures are inherently stable and displacement can occur when non-operative treatment is instituted [18] . Furthermore, and in line with other studies in the recent literature supporting surgical treatment of pelvic injuries previously thought benign [19] , the surgical fixation of a specific subpopulation of patients with LC-1 injuries has been suggested [1, 9, 10, 20, 21] . Other authors support that immediate weight-bearing, for minimally displaced LC sacral fractures is safe and results in union with minimal additional displacement [22] .
Our observation that patients with LC-1 pelvic fractures do not represent a homogenous population, as nursing care, mobilisation and pain management differs substantially amongst them, led us to believe that not all lesions are the same and the degree of the mechanical stability of the fracture might have an impact on patient symptomatology. In order to delineate further the above concerns we decided to undertake this study.
The heterogeneity and complexity of LC injuries has recently been evaluated with a quantitative 3D CT analysis, which revealed that the classical LC fracture classification yields a nonhomogenous group of fractures [5] . In addition, the radiographic and CT review of 100 LC-1 injury cases showed that sacral comminution and complete sacral disruption was present in half of the cases [6] .
The MUA has recently been introduced and is currently being evaluated as a tool to estimate the severity of the injury and to guide treatment both in LC and APC injuries [7, 23, 24] . Gardner et al. [25] demonstrated that the amount of the displacement seen on the static plain radiographs and CT scan of the pelvis after LC injuries is substantially less than the original deformity at the time of injury due to passive recoil of tissues. The authors pointed out that the initial injury should not be underestimated based on the initial radiographs and CT scans. Furthermore, Sagi et al. [7] proposed a modification of the Young and Burgess classification system for LC-1 injuries, into LC-1a (not requiring surgical treatment) and LC-1b (may require surgical treatment), based on the amount of displacement during MUA which showed that almost 40 % of LC-1 injuries are inherently unstable. The MUA was also used in a recent study to test the stability and guide the treatment of Tile Type-B fractures of the pelvis [26] . Despite the above data, there is still a debate as to whether there is a clear indication for surgical intervention. The real essence of the discussion is whether surgical intervention represents a potential benefit to the patient. To the best of our knowledge, we are the first group to examine patients with LC-1 injuries under general anesthesia and to implement a surgical treatment in the injuries that exhibited gross displacement/instability during the manipulation manoeuvre. We consequently followed the patients during their hospitalisation and documented the short-term outcome of the surgical intervention.
In our series all patients that exhibited more than two centimetres of displacement of the anterior pelvis during manipulation had a complete disruption of the posterior pelvic ring. Consequently, a posterior stabilisation of the pelvis with an iliosacral screw was implemented to every patient in group A. The fact that none of the surgicallytreated fractures exhibited vertical displacement during the manipulation concurs with the assumption that the pelvic ligaments remain intact. Our results show that the patients from the surgically treated group had statistically significant lower VAS and need for opioids intake 72 hours postmanipulation, shorter hospital stay and less time to relatively pain-free ambulation compared to non-surgically treated patients. The surgically treated patients also demonstrated significant differences between the pre-and postoperative pain levels and analgesia requirements whereas in the nonsurgically treated group there was no significant difference in the above parameters. These findings support the view that surgical intervention provides significant pain relief and raises the question whether even stable fracture patterns should be considered for fixation to better control painful stimuli and to allow early ambulation. This is one of the few studies in the current literature that sheds light on the early outcome of the surgical treatment of LC-1 injuries after dynamic testing of their stability. Bellabarba et al. [20] also reported on OTA type 61-B2 injuries treated with supra-acetabular external fixation. In our trial, we comment upon the short-term outcome of the surgical treatment, as our primary intention was to clearly define the characteristics of the patient population that exhibited displacement during the manipulation process and had undergone surgical stabilisation.
The findings of the CT scan of all the unstable pelvises provided evidence of a complete sacral fracture in both the axial and the frontal plane (Fig. 4) . Based on these findings we recommend that when such a fracture pattern is noted on the CT scan, an operative intervention should be offered to the patient. The results of our study show that MUA is a useful tool in the hands of experienced orthopaedic trauma surgeons in evaluating LC-1 pelvic injuries. We recognise though that our study has some limitations. First, we did not compare the surgical versus the non-surgical treatment of "unstable" LC-1 fractures, which might have been the optimal set-up to study these injuries. Second, we are also aware that the cut-off limit of 2 cm of displacement to discriminate between stable and unstable was arbitrarily chosen. This cut-off though, has also been used in a recent study to define significant displacement [7] . Third, we do not report on the long-term outcome as our intention was to identify which type of lesions were associated with the greatest degree of movement (instability) under examination and would benefit from surgical intervention. Strengths of this study however are its prospective nature, the use of stress fluoroscopic examination of the pelvis under general anesthesia to investigate the presence or absence of instability, the same surgeon carrying out all the procedures and the subsequent correlation of the manipulation findings with the fracture pattern on the CT scans.
In conclusion, the results of this study suggest that the subpopulation of LC-1 injuries with a complete posterior sacral injury is inherently rotationally unstable and patients presenting with these fracture patterns would definitely benefit from surgical stabilisation. Operative intervention in this group of patients is associated with a shorter length of hospital stay and significantly reduced pain and analgesic requirements during the immediate post-injury period.
